Abstract: Femtosecond two-color pump-probe experiments on intersubband absorption spectra of electrons in a GaN/AlN superlattice show distinct spectral holes unraveling both the homogeneous broadening contribution and the underlying optical phonon progression. The optical line shapes of electronic transitions in condensed matter reflect the ultrafast dynamics of the elementary excitations to which the electrons are coupled. Of particular interest for a broad range of phenomena is the coupling between electrons and nuclear motions, i.e., local vibrational modes and/or phonons. Such coupling may give rise to spectrally distinct sidebands in electronic spectra [1] . We have shown recently that the linear and nonlinear IS absorption in GaN/AlGaN-based high-electron-mobility transistors exhibit a pronounced optical phonon progression [2] , caused by the strong electron-phonon coupling in the group-III nitrides. Because they have large conduction band discontinuities and thus allow IS transitions at short wavelengths [3] , GaN/AlGaN multiple quantum wells have received much interest. First femtosecond two-color pump-probe studies on such nanostructures provided IS relaxation times and valuable information on the heating/thermalization and cooling dynamics of the 2D electron gas [4] .
The optical line shapes of electronic transitions in condensed matter reflect the ultrafast dynamics of the elementary excitations to which the electrons are coupled. Of particular interest for a broad range of phenomena is the coupling between electrons and nuclear motions, i.e., local vibrational modes and/or phonons. Such coupling may give rise to spectrally distinct sidebands in electronic spectra [1] . We have shown recently that the linear and nonlinear IS absorption in GaN/AlGaN-based high-electron-mobility transistors exhibit a pronounced optical phonon progression [2] , caused by the strong electron-phonon coupling in the group-III nitrides. Because they have large conduction band discontinuities and thus allow IS transitions at short wavelengths [3] , GaN/AlGaN multiple quantum wells have received much interest. First femtosecond two-color pump-probe studies on such nanostructures provided IS relaxation times and valuable information on the heating/thermalization and cooling dynamics of the 2D electron gas [4] .
Here, we show for the first time that the IS transitions of electrons in GaN/AlN superlattices experience a considerable homogeneous broadening of the order of 50 meV and couple strongly to LO phonons as observed through distinct sidebands in the nonlinear optical response. In femtosecond two-color pump-probe experiments we observe during the temporal overlap of pump and probe pulses sharp spectral holes on different vibronic transitions spectrally separated by the LO phonon frequency.
We investigated a GaN/AlN superlattice (20 periods of 2.2 nm GaN:Si and of 2.2 nm AlN [5] ), which had been processed into a prism-shaped sample [2] . The stationary IS absorption spectrum measured at room temperature is plotted in Fig. 1(b) . The broad absorption band is due to transitions of electrons from the n = 1 to the n = 2 subband. In our time-resolved experiments, electrons are excited from the n = 1 to the n = 2 subband by bandwidth-limited 100-fs pump pulses, having different center frequencies within the IS absorption band. The nonlinear response is measured by independently tunable weak 50-fs probe pulses. Pump and probe pulses at a 1-kHz repetition rate are derived from the output of two synchronized optical parametric amplifiers by difference frequency mixing in 1-mm and 0.5-mm thick GaSe crystals, respectively [6] .
We performed an extensive series of time-resolved experiments with pump and probe pulses at different frequencies within the IS absorption band. The most interesting transient spectra for pump photon energies of 660 meV and 756 meV are shown in Figs. 1 and 2 , respectively. In each case we observe around time delay zero two pronounced peaks of nonlinear transmission (spectral holes) separated by the energy of the GaN longitudinal optical phonon (92 meV). Within 300 fs these spectral features gradually wash out and a weak 50 meV broad spectral hole around 650 meV remains for longer delays. The spectrally integrated nonlinear transmission spectrum [Figs. 1(c) and 2(c)] decays by IS scattering with a time constant of 150 fs.
The transient spectra show that the electron-LO phonon coupling strongly influences the nonlinear IS absorption of the strongly polar GaN/AlN superlattice. Similar to the nonlinear IS absorption in GaN/AlGaN-based high-electronmobility transistors [2] , the large electron-LO phonon coupling in GaN (Fröhlich coupling constant α = 0.5) lead to a pronounced optical phonon progression-a clear manifestation of polaronic signatures in IS absorption spectra.
The width of the spectral holes give an estimate of the homogeneous broadening contribution to the total line width. Gaussian fits to the experimentally observed holes [e.g., to the hole at 840 fs in Fig. 1(a) ] give a value of 50 meV (this corresponds to a homogeneous dephasing time of only 25 fs), which is much smaller than the total line width of 150 meV.
